Aims: To evaluate the influences of alcohol consumption frequency and binge drinking on changes in the body composition, lifestyle habits and physical fitness of healthy young men during military service. Methods: A population-based study of men performing their military service in the Sodankylä Jaeger Brigade, Finland in 2005. Body composition, fitness and lifestyle habits were evaluated at baseline and 6-12 months follow-up. Alcohol consumption frequency and binge drinking were categorized as: 'not at all', 'at least once a month' and 'at least once a week'. Results: Data were available for 983 participants. Mean (SD) age was 19.2 (1.0) years. At baseline, participants who reported binge drinking at least once a week (29.8%) had the most unfavourable body composition, lifestyle habits and physical fitness compared with the group with no binge drinking. Significant (P < 0.05) mean reductions in % body fat (−2.3%) and weight (−1.8 kg), as well as improvements in lifestyle habits and physical fitness were observed in the weekly binge drinking group during the military service. The reductions in relative weight (%) and % body fat were associated with binge drinking at least once a week (regression coefficient for relative weight −1.39, 95% CI [−2.32; −0.45], P = 0.004, and for % body fat −0.68, 95% CI [−1.35; −0.01], P = 0.049). Conclusion: Frequent binge drinking is associated with poorer body composition, lifestyle habits and fitness among young men. Frequent binge drinkers may obtain the greatest benefit of military-service-based exercise intervention, as reflected in the improvements in body composition, lifestyle habits and physical fitness. Short summary: Frequent binge drinking is associated with poorer body composition, lifestyle habits and fitness among young men. The greatest benefit of military service comprehending exercise intervention was observed among those with binge drinking once a week at the baseline, with favourable changes in lifestyle factors, body composition and fitness.
INTRODUCTION
Binge drinking is a common pattern of alcohol consumption among late-adolescent males (Kuntsche et al., 2004; Niemelä et al., 2006; Sourander et al., 2012) , and it has been associated with several health risk behaviours such as propensity to injury, social conflicts, unplanned and unprotected sexual activity (Little et al., 2012) . Additionally, regular alcohol consumption (Bingham et al., 2010) and binge drinking (Mohamed and Ajmal, 2015) have been associated with increased consumption of unhealthy food items among young adults.
Not only is alcohol a toxic substance, but it also contains 7.1 kcal energy per gram and excessive consumption may induce a positive energy balance, predisposing to fat accumulation (Yeomans, 2010; Traversy and Chaput, 2015) . Previous crosssectional studies have found positive (Croezen et al., 2009 ) and dose-dependent (Arif and Rohrer, 2005; French et al., 2010; Shelton and Knott, 2014) associations between alcohol consumption and body weight. Although a higher total alcohol consumption has been associated with a greater risk for excess body weight among elderly men (Wannamethee et al., 2005) and with weight gain among young adults (Nikolaou et al., 2015) , the association of alcohol consumption frequency and binge drinking with body weight and fat in young adults remains unclear. Additionally, the role of diet and exercise as confounding factors are not well known when studying the association of alcohol and body weight (Traversy and Chaput, 2015) .
No study has previously examined the role of alcohol consumption frequency and binge drinking as a modifier of body composition and fitness changes in a population-based sample of healthy young men. We therefore investigated the association between alcohol use and changes in body composition during a 6-to 12-month period of military service comprehending an exercise intervention among healthy men aged 18-28 years. More specifically, our aims were to evaluate (a) the association of alcohol consumption frequency and binge drinking with body composition (% body fat, body weight), lifestyle habits and physical fitness levels among young men (b) the association of baseline alcohol consumption frequency and binge drinking with body composition changes (% body fat, relative weight) during the military service and (c) whether any effect of alcohol consumption frequency and binge drinking on body composition changes is direct, or mediated by changes in diet and/or alcohol consumption and improved fitness during the military service. Our hypothesis was that those participants with regular and frequent alcohol consumption and binge drinking would obtain greatest benefit from the military service comprehending an exercise intervention, seen as favourable changes in body composition, lifestyle habits and physical fitness.
MATERIALS AND METHODS
In 2005, a total of 1467 young men with mean (standard deviation [SD]) age 19.2 (1.0) years, (range 18-28 years) began their military service in the Sodankylä Jaeger Brigade in Northern Finland. The study cohort and data collection have been described in detail previously (Cederberg et al., 2011) . All service men were invited to participate in the present study and 79% (n = 1160) of all the invited conscripts attended and gave their written consent to use the collected data for scientific purposes. The study protocol was approved by the Ethics Committee of Lapland Central Hospital, Rovaniemi, Finland (DN:02/7/05). Within the follow-up, 140 conscripts discontinued their military service, mainly for physical or psychological reasons. These conscripts did not differ significantly from the study cohort (Mikkola et al., 2009) . The final study population for whom complete information on alcohol consumption frequency and binge drinking was available was n = 983. Due to different tasks and military training the length of the follow-ups varied: 58% of the conscripts served for 6 months (privates), 9% for 9 months (privates in need of special knowledge and skills) and 33% for 12 months (officers, non-commissioned officers and privates in need of special professional skills).
Data (anthropometric measurements, body composition, physical fitness and health behaviour-related questionnaires) were collected at the beginning of the military service and at 6-12 months follow-up. (Mikkola et al., 2009; Cederberg et al., 2011) The study subjects wore light clothing (t-shirt and shorts), and weight was measured by trained personnel within 0.1 kg accuracy and height within 5 mm accuracy. Body mass index (BMI) was calculated by dividing body weight (kg) with the square of the height (m 2 ). Relative weight change (%) was calculated as body weight at baseline minus body weight at follow-up, divided by body weight at baseline.
Body composition
Body composition and fat percentage (% body fat) were analysed using multi-frequency bioelectric impedance analysis (BIA; InBody720, Biospace, Korea). The body composition assessment was performed by trained assessors, nurses or physicians before lunchtime, and at least 2 hours after the previous meal, depending on the platoon's schedule. The study subject was instructed to empty their urinary bladder before measurements.
The subject's personal data (measured height, gender and age) were entered into the BIA device. During measurements, the subject was instructed to grab the hand electrodes of the machine with wet hands so that the thumb was placed on top of the handgrip, with the fingers holding the bottom of it. They were asked to straighten their elbows, leaving some space between the arms and the body (ca. 15 degree lateral abduction) and stood still on the foot electrodes in wet bare feet. Subjects were not allowed to talk during the measurements (Mikkola et al., 2009) .
Exercise performance
The standardized 12-minute running test (Cooper test) was applied to evaluate aerobic performance. Conscripts were instructed to run with maximal effort for 12 minutes and the test result was reported as the distance covered, within 10-m accuracy (Cooper, 1968) . Strength performance was measured by muscle tests (back-muscle, sit-ups, back and hip-flexor muscles' endurance, standing long jump and push-and pull-ups), the results of which were used to calculate a muscle fitness index (MFI). Muscle fitness was evaluated for each test on a 4-point scale: 0 = poor, 1 = satisfactory, 2 = good and 3 = very good. The total MFI is the sum of individual test results (0-4 = poor, 5-8 = satisfactory, 9-12 = good and 13-15 = very good) (Santtila et al., 2006) .
Amount of physical exercise
In Finland, military service begins with an 8-week basic training period that includes~4 hours of sports-related physical activity and 12 hours of military-related physical training per week. Activities that may be performed by conscripts as part of Finnish military service include running, Nordic walking, strength training, martial arts, orienteering, swimming, cross-country skiing and recovery training. After the basic training period the amount of physical exercise varies, depending on the training periods and branch of service.
Leisure time physical activity
Physical activity before military service was evaluated by questionnaire (Jackson et al., 1990) . The participants were instructed to evaluate their physical activity during the previous month and rate the physical activity on a scale of 0-7. Physical activity was rated as follows: no regular physical activity = 0-1, moderate activity = 2-3 and vigorous activity = 4-7 (Matthews et al., 1999) .
Lifestyle habits
Smoking status was determined with a questionnaire. The respondents were divided into two groups based on their smoking status at baseline: current smokers and non-smokers. The definition of the groups was as follows: those who smoked regularly or who last smoked on the day of the questionnaire, or the previous day, were considered current smokers. Those who had quit smoking more than a month previously were considered non-smokers, as were those who had never smoked regularly for at least a year.
Alcohol consumption was evaluated via questionnaires, with a continuous (grams/week) and a categorical variable (not at all, ≥once a month and ≥once a week) (Sourander et al., 2012) . The assessment was based on questions related to alcohol consumption: 'How often do you drink alcoholic beverages?' and 'How many alcoholic beverages do you usually drink at a time?'. Conscripts reported their drinking frequency and numbers of units for each of the following categories of alcoholic beverages ('beer/cider/long-drink'; 'light wine'; 'wine' and 'spirits'). Based on questionnaire data, binge drinking was categorized as consumption of ≥6 units of alcohol at a time and the frequency of binge drinking was categorized as 'not at all', '≥once a month' and '≥once a week'. One unit of alcohol was defined as the equivalent of~12 g of pure alcohol.
Diet was evaluated with a six-point food frequency questionnaire. A healthy diet index was formed based on the frequency of consumption of rye bread/crisp bread, porridge, low-fat cheese, fish, chicken, raw or cooked vegetables, cooked potatoes, fruit and fresh/ frozen berries (10 food items). More frequent consumption of healthy foods was defined as follows: ≥2 times/week for berries and fish and ≥5-6 times/week or more often for other items (Jääskeläinen et al., 2015) . The unhealthy diet index was composed of frequent consumption of doughnuts, hamburgers, pizzas, snacks, sugar-sweetened beverages, chocolate and sweets. More frequent consumption of unhealthy food items was defined as consumption of any of the items listed above ≥2 times a week. The index of unhealthy/healthy eating was calculated based on the sum of the components: less frequent consumption (zero points) or more frequent consumption (one point).
Statistical analysis
The characteristics of the study population are reported as frequencies and percentages, and for continuous variables as means and SD, or as median and interquartile range (IQR). The Kruskal-Wallis test (for alcohol consumption frequency, binge drinking) and the MannWhitney U-test (for smoking) were used for comparing the continuous variables, while a Χ 2 -test was used for categorical variables. A paired t-test was used to evaluate the changes during the intervention. Differences in body composition, alcohol consumption, diet and fitness by smoking status were tested by ANCOVA adjusted for the baseline value of the pertinent variable. Subjects who reported no alcohol consumption or no binge drinking served in a pairwise fashion as control groups for the subjects who reported any alcohol consumption and binge drinking, respectively. Adjustments for multiple comparisons were performed post hoc using Dunnett's test.
The use of a mediation analysis (Preacher and Hayes, 2008 ) was intended to evaluate the excess energy originating from alcohol and unhealthy diet during the time before military service, and to evaluate the effect of decreased consumption of alcohol and change in diet on body composition during military service. The mediation analysis evaluated the association of binge drinking and alcohol consumption frequency (independent variables) with changes in % body fat and relative weight (dependent variables), with a potential modifying effect of changes in the following mediators: Cooper test result, unhealthy diet and alcohol consumption (grams/week). Direct and indirect effects were calculated for each mediation model. The direct and indirect effects and 95% confidence intervals were calculated from 5000 bootstrap samples. The mediation analysis was also performed with the following confounding factors: smoking, baseline BMI and length of the service. Alcohol consumption frequency and binge drinking data were allocated into three categories: not at all (reference), ≥once a month and ≥once a week. Duration of service was categorized into two groups: 6 months (reference) and 9-12 months.
Multivariate linear regression was used to analyse the association between changes in % body fat and relative weight (%) and alcohol consumption frequency and binge drinking. The following confounding factors were included in the model: smoking, change in Cooper test result, change in unhealthy diet, change in alcohol consumption (grams/week), baseline BMI and length of service. Statistical analyses were performed using SAS 9.4 (SAS Institute, Inc., Cary, NC) and Stata 13 (Stata Corp. 2013. Stata: Release 13. Statistical Software. College Station, TX: Stata Corp LP) for Windows. A P-value <0.05 was considered statistically significant.
RESULTS
Baseline characteristics are presented in Table 1 , evaluable data were available for 1160 participants. At baseline, 45.2% of the study population smoked regularly, while 38.1% consumed alcohol ≥once a month and 37.4% ≥ once a week, respectively (Table 1) . Median (IQR) alcohol consumption was 58.8 g/week (16.8-156.4). Binge drinking was reported by 34.4% ≥ once a month and in 29.8% ≥ once a week. Leisure time physical activity was categorized as active in 58.9% of the study population. The median (IQR) healthy diet index was 2.0 (1.0-3.2) and the median (IQR) unhealthy diet index was 1.0 (0.0-3.0). At baseline, mean BMI was 23.9 kg/m 2 (SD 4.1) and mean % body fat was 16.8 (SD 8.2)%. Table 2 presents weight, % body fat, alcohol consumption (grams/week), the healthy and unhealthy diet index, aerobic and muscular fitness at baseline, and changes during military service by alcohol consumption frequency and binge drinking. During the intervention there was a significant mean (SD) reduction in BMI of 0.3 (1.7) kg/m 2 and a reduction in % body fat of 1.2 (4.6)% (P < 0.001 for each) in the overall population. In the group with binge drinking ≥once a week at baseline, mean (SD) baseline weight was 76.3 (14.1) kg and mean % body fat was 14.6 (9.2)%. During the intervention mean weight in this group fell by 1.8 kg, and % body fat by 2.3%; median alcohol consumption decreased by −19.6 g/week. At baseline, the mean (SD) Cooper test result and MFI were lowest among those with binge drinking over once a week: 2434.6 (368.2) m, and 7.8 (3.7) points, respectively, though aerobic and muscular fitness improved most in the same group during follow-up (Table 2) . At baseline, the consumption of unhealthy food items was highest in the group with binge drinking ≥once a week, but the same group increased their consumption of healthy food items the most during military service. The association of binge drinking ≥once weekly with change in % body fat was significantly mediated by change in Cooper test result: the regression coefficient of indirect effect (RCIE) was −0.239, 95% CI (−0.615 to −0.042). Similarly, the association of binge drinking with relative weight change was significantly mediated by change in Cooper test result: RCIE −0.475, 95% CI (−0.873 to −0.076) for binge drinking ≥once weekly and −0.386, 95% CI (−0.768 to −0.003) for binge drinking ≥once monthly (Supplementary Figure S1B) . Change in Cooper test result was not a significant mediator in the association of alcohol consumption frequency with changes in % body fat and relative weight. None of the associations of binge drinking and alcohol consumption frequency with changes in % body fat and relative weight were mediated by change in unhealthy diet and alcohol consumption ( Supplementary  Figures S1 and S2) .
Binge drinking had a direct effect on change in % body fat in both the '≥once a week' group (regression coefficient Figure S1B) .
The possible mediating effect of change in Cooper test result on the association of binge drinking with changes in % body fat and relative weight was non-significant when changes in alcohol consumption and unhealthy diet, baseline BMI, duration of military The significance of the change (within groups) during military service is marked as non-significant, otherwise significant (adjusted for baseline value of current variable). Abbreviations: % body fat, fat percentage; Cooper, 12-minute running test. Data are presented as number and percentage of the population, except for alcohol consumption, healthy and unhealthy diet index (given as median and IQR).
service and smoking were considered as confounding factors in the mediation analysis.
The multivariate linear regression analysis showed that binge drinking ≥once a week was associated with changes in % body fat (RC −0.68, 95% CI [−1.35 to −0.01]; P = 0.049) and relative weight (RC 1.39, 95% CI [−2.32 to −0.45]; P = 0.004); these associations were independent of smoking, changes in Cooper test, unhealthy diet index and alcohol consumption, baseline BMI and duration of military service (Table 3) . Smoking, change in Cooper test, baseline BMI and duration of military service were also independently associated with changes in % body fat and relative weight.
DISCUSSION
In our prospective study of a cohort of healthy males aged 18-28 years, weekly binge drinking at baseline was associated with unhealthier lifestyle, higher % body fat and body weight, and reduced aerobic and muscular fitness. Binge drinking at least once a week, but not alcohol consumption frequency, independently associated with reductions in % body fat and relative weight during military service comprehending exercise intervention. These associations were evident even after changes in fitness, unhealthy diet and alcohol consumption, cigarette smoking, baseline BMI and duration of military service were taken into account. Males who reported binge drinking at least once weekly at baseline benefited the most from the military service period with increased amount of physical exercise: a reduction in body weight and % body fat and improvements in aerobic and muscular fitness were observed in these subjects.
To the best of our knowledge, no previous study has evaluated the association of alcohol consumption frequency and binge drinking with changes in body fat and relative weight in young men during military service. The association of alcohol consumption with overall and central obesity has been observed among older adults, which supports previous findings of weight gain associated with increased alcohol intake (Lourenco et al., 2012) . Among men, both binge drinking and heavy drinking have been linked with higher BMI (Wannamethee et al., 2005; Alcacera et al., 2008) , greater risk for obesity (French et al., 2010) , a higher percentage of body fat and larger weight circumference (Wannamethee et al., 2005) . Binge drinking has also been associated with increased body weight in previous studies; however these results have not been confirmed in young adults until now.
In a study performed in two garrisons in Southern and Northern Finland in 2007 among military personnel, Bingham and colleagues (2010 reported that conscripts who drank beer 2-7 days/ week consumed higher amounts of unhealthy food items, including the least healthy items. The relationship between binge drinking and consumption of fried food has also been observed among young adults in Ireland (Mohamed and Ajmal, 2015) , while snacking has been linked with higher alcohol intake in Finnish men (Ovaskainen et al., 2010) . Our results confirm all of these findings.
The mediation analysis was performed to evaluate the effect of detrimental lifestyle habits on body composition. It also aimed to evaluate the excess energy derived from alcohol and unhealthy diet prior to military service, and therefore determine the effects on body composition of decreased alcohol consumption and dietary changes during military service. In the current study, the associations of binge drinking with reductions in % body fat and relative weight were partially mediated by change in Cooper test result. The mediation was, however, non-significant when smoking, baseline BMI and length of service were taken into account.
Physical inactivity, consumption of an unhealthy diet and alcohol, each has an influence on the health (Drieskens et al., 2010) and weight management of individuals (World Health Organization, 2009 ). Military service includes high amounts of physical activity during the basic training period. Conscripts are offered regular, nutrient-rich Analyses were adjusted for smoking, change in Cooper test; unhealthy diet index and alcohol consumption, baseline BMI and duration of military service. Effect size is B coefficient (95% confidence interval) and standardized beta (β), calculated by linear regression. For alcohol consumption frequency and binge drinking 'not at all'-group, non-smokers and 6 months of military service served as reference groups. meals with an intended energy content of 3400-3800 kcal/day, but may also consume extra food items, including drinks, sweets, chocolate and junk food in their spare time (Bingham et al., 2009) . Therefore, the exact calorie intake could not be controlled for, and this can be considered a limitation of our study. At baseline, approximately one-third of subjects reported binge drinking at least once a week. Among these frequent binge drinkers, the median alcohol consumption was high: 198.1 g/week equating to~16 units of alcohol per week. The consumption of alcohol may have decreased due to the standardized environment, with the weekly binge drinking group decreasing their alcohol intake by a median of 19.6 g/week during the intervention period. However, binge drinking habits, especially frequent binge drinking, at baseline predicted fat and weight loss independently of other factors. This finding underlines the benefits of physical exercise among the young men with frequent binge drinking. Based on the results of the current study, young men with frequent binge drinking may potentially obtain the greatest benefit of physical exercise.
The current study included a population-based sample of men aged 18-28 performing their compulsory military service. In this study setting, military service includes regular physical training, which can be viewed for the purpose of the study as an exercise intervention. The amount of exercise and intensity of physical activity during military service was not directly and objectively measured. However, the objectively measured aerobic and fitness parameters at the beginning and end of the military service demonstrate the impact of the exercise intervention despite these limitations. Conscripts' living circumstances (diet, sleep and physical activity) are fairly standardized, and the environment during military service may have an influence on the changes observed. Changes in lifestyle habits during military service could be considered especially beneficial among weekly binge-drinkers, who demonstrated a small but clear reduction in weight. The measurements were performed by professional study personnel with a standardized protocol. The findings of the current study are limited to healthy young men and therefore should not be directly generalized to other age groups or women.
CONCLUSION
Of the baseline lifestyle factors investigated, binge drinking was particularly associated with higher weight and an adverse body composition profile in young men, but also predicted favourable changes in weight and body composition, and in aerobic and muscular fitness during military service comprehending an exercise intervention, an effect that was independent of confounding factors. Healthcare professionals working with young adults should routinely ask about alcohol consumption and binge drinking with a view to promoting healthier lifestyles, particularly among those reporting excessive binge drinking.
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